Background: dilatation of the intercellular spaces by electron microscopy has been considered as an early morphological marker of tissue injury in gastroesophageal reflux disease. The degree of dilatation in Barrett's esophagus is currently unknown.
INTRODUCTION
Gastroesophageal reflux disease (GERD) is defined as the clinical and/or histopathological sequelae of the movement of the gastroduodenal contents toward the esophagus. Diagnosis of GERD can be symptomatic, endoscopic, and by means of 24-h esophageal pH-metry (1, 2) .
Patients with GERD have a poor quality of life due to recurrent symptoms and are also at risk for complications due to chronic esophageal exposure to gastric contents such as erosive esophagitis (EE), peptic stricture or Barrett's esophagus (BE). These findings during endoscopy allow us to assume that they suffer from GERD. However, with a visibly normal endoscopy, 24 hour esophageal pH-monitoring identifies subjects with non-erosive GERD (NERD) (3) (4) (5) .
GERD-associated histopathological changes have been papillary elongation, eosinophilic infiltrate, and basal hyperplasia, among others. One of the main changes observed through electron microscopy is dilated intercellular spaces (DIS) (3) . DIS of the esophageal epithelium is an early morphological marker of tissular lesion. It presents in 20% of asymptomatic subjects, in 75% of subjects with NERD, and in 83.6% of subjects with EE; DIS diameter ranges between 0.45 and 0.56, 1.0 and 2.2, and 0.80 and 2.27 µm, respectively (3, 6, 7) .
DIS distribution is not homogeneous and can possess radial (different quadrants) or axial (SCJ) distribution. DIS is most frequent in the quadrant of the three and between 1 and 2 cm above the SCJ (3).
The molecular mechanism responsible for DIS is not completely understood. It has been suggested that redistribution of and changes in the protein-cell complex play an important role, and changes in normal cell metabolism are strongly associated with the presence of gastric or biliary reflux (8) (9) (10) (11) (12) .
The objectives of our study were to know the frequency of DIS in the different populations with GERD (EE, NERD, and BE) and to determine whether DIS of the esophageal epithelium above the SCJ is related with GERD and its severity.
MATERIAL AND METHODS
We carried our a descriptive transversal study of consecutive cases in patients with clinical GERD from March to September 2008 at the Instituto Nacional de Cancerología and the Digestive Physiology Unit of the Dr. Manuel Gea González Hospital, both located in Mexico City. Selection criteria included being > 18 years of age, both genders, clinical GERD, and written informed consent. We excluded patients from the study if they had recent ingestion (< 14 days) of proton pump inhibitors (PPI), H-2 antagonists, Non-steroidal anti-inflammatory drugs (NSAIDs), sucralfate, and hiatal surgery.
We collected clinical-demographic data, age, gender, weight, height, body mass index (BMI), and the Carlsson-Dent self-applied symptoms questionnaire for GERD (13) (Table I ). We performed conventional endoscopy (Olympus GIF-Q180Z) with biopsies of the esophageal mucosa to carry out histological diagnosis, and biopsies directed toward mucosa without macroscopic changes at 2 and at 5 cm above the Squamocolumnar junction (SCJ) for evaluation of DIS. According to endoscopic findings, patients were classified into four groups: I. Barrett's esophagus (BE); II. Erosive esophagitis (EE); III. Nonerosive reflux disease (NERD); and IV. Healthy controls.
The biopsies taken at 2 and 5 cm of the normal squamous epithelium (NSE) were processed to determine the degree of DIS by means of electron microscopy at 10,000 X (JEOL JEM-1010 model); these were conducted in automatized form by a microscope with periodic maintenance and calibration; thus, a concordance test was not warranted.
Operational definition of the variables
-Carlsson-Dent questionnaire: this is a clinical questionnaire to score the symptomatology of pyrosis and acid regurgitation; it requires a score of at least 4 points, 70% sensitivity, and 40% specificity to establish the diagnosis of reflux (13, 14) .
-Barrett's esophagus (BE): this is the abnormal situation of normal stratified squamous esophagus by means of an intestinal-type epithelium with the presence of calciform cells (15, 16) .
-Erosive esophagitis (EE): EE is inflammation of chemical origin of the distal esophagus produced through chronic contact of the mucosa and the gastric or biliary reflux. Its presence is reported in 2% of patients with reflux, and manifests itself clinically by pyrosis and regurgitation in 75% of patients (16) .
-Non-erosive reflux disease (NERD): this comprises a pathological reflux of the gastric content of the esophagus in a sufficient amount to produce symptoms in the absence of distal third esophageal macroscopic lesions (16, 17) .
-Dilated intercellular spaces (DIS): these comprise the increase of intercellular spaces of the keratinized epithelium of the esophagus. It is composed of dilation of the spaces at an intercellular distance of > 0.56 micras. It presents in 20% of asymptomatic subjects, 75% of patients with NERD, and in 83.6% of patients with EE (3).
-Control group: this group was made up of healthy subjects, asymptomatic, with negative endoscopy for lesion, without antecedents of smoking and alcoholism, with a Carlsson-Dent questionnaire score of 0. compared the following four groups: a) NERD, group I; b) EE, group II; c) BE, group III; and d) healthy controls, group IV.
RESULTS
There were 32 patients with GERD (13 with EB, 14 with EE, five with NERD), and five healthy controls who grouped as follows: group I (BE, n = 13): eight males and five females, with an average age of 59.8 ± 11.2.3 years (52.14-67.51 years); group II (EE, n = 14) five males and nine females, with an average age of 51.57 ± 15.2 years (range, 43.13-60.01 years); group III (NERD, n = 5) two males and three females, with an average age of 49.00 ± 13.3 years (range, 35.33-62.67 years), and group IV (healthy controls, n = 5), two males and three females, with an average age of 50.50 ± 10.6 years (range, 36.71-63.29 years).
Pyrosis was present in 11/13 patients with BE, in 12/14 of patients with EE, in 5/5 of patients with NERD, and in 0/5 controls with negative Carlsson-Dent questionnaire. No statistically significant differences were found among the groups for age (p = 0.26), weight (p = 0.52), BWI (p = 0.91), and the Carlsson-Dent structured questionnaire (p = 0.82) ( Table I) .
Light smoking was reported in 9, 4, 2, and 0 cases, respectively, and social drinking of alcohol in 4, 6, 2, and 0 cases, respectively. Endoscopy demonstrated hiatal hernia in 6/13 patients with BE, in 12/14 patients with EE, and in 1/5 of patients NERD. Endoscopy provided evidence of lesions of the mucosa in the different subgroups (Fig. 1) .
Patients with NERD achieved an average DeMeester classification score of 36.6 ± 19.9% (95% CI, 25.22-48.11).
Histologically, peptic ulcer was reported in all cases of EE and NERD, and specialized intestinal metaplasia with calciform cells in cases of BE. The grades of DIS are shown in table II and figure 2. In patients with BE, we observed more DIS at 5 cm than at 2 cm of the SCJ (2.72 ± 1.35 µm vs. 1.71 ± 0.48 µm (p = 0.001); on the other hand, less evidence of DIS was noted in the non-erosive and erosive varieties than in BE, and no differences were observed among biopsy sites.
DISCUSSION
In our study, DIS was documented in all cases of GERD (erosive, non-erosive, and Barrett's esophagus). The greatest DIS was in BE, which was more at 5 cm than at 2 cm (2.72 ± 1.35 µm vs. 1.71 ± 0.48 µm). DIS was less in the erosive and non-erosive varieties, and did not exhibit differences among biopsy sites. A tear in the esophageal mucosa barrier is manifested as DIS; this expression has been identified as an early biological marker of esophageal damage (dilation of > 0.7 µm) (3). Recent studies have demonstrated the presence of DIS as a morphological characteristic of the patient with GERD, independently of whether there was erosive disease or not. Van Melestein et al. (3) reported that DIS at 2 cm of SCJ was similar for erosive (0.80-2.27 µm) and non-erosive esophagitis (1.00-2.20 µm) (p = not significant [NS]); Caviglia and colleagues (2) also observed no statistically significant differences between both groups with biopsies taken at 5 cm of the SCJ (1.41-1.43 µm) (p = NS); however, the latter authors report that in the control group of asymptomatic patients with negative pHmetry, DIS was 0.42-0.51 µm (p = 0.001). In our cases, we observed no differences in the group of patients with EE and in those in the group with NERD at 2 cm of 1.68 ± 0.45 µm vs. Tobey et al. (18) with electronic microscopy report a DIS in EE at 5 cm of the SCJ of 0.80 ± 0.12 µm, for NERD of 1.00 ± 0.15 µm, and for the asymptomatic control group, of 0.46 ± 0.06 µm. In comparison with these authors, we found more DIS at 5 cm in EE (1.97 ± 0.33 µm vs. 0.80 ± 0.12 µm), and DIS was similar in the control group (0.46 ± 0.06 µm vs. 0.70 ± 0.20 µm). The majority of our cases were Los Angeles classification grade B. This difference could be related with the difference in magnitude of exposure to acid in the esophagus and chronicity of the disease. Although Caviglia et al. (2) informed that they found no differences between DIS grade and time of acid exposure of the esophagus in patients with NERD.
Calabrese et al. (19) reported with electron microscopy that DIS for reflux acid (EE and NERD) was 2.27 ± 0.47 µm and alkaline reflux was 2.11 ± 0.23 µm, while for the control group, this was 0.56 ± 0.09 µm. It has been suggested that redistribution of and changes in the cell-protein complex play an important role, and that alterations in the cell's normal metabolism are strongly associated with the presence of gastric or biliary reflux (10,12). We did not carry out distinction of the gastroesophageal reflux (acid or not); however, Calabrese and colleagues (19) found no statistically significant differences between these groups. Our findings show that patients with BE present greater dilation than those with the erosive and non-erosive varieties, this probably a consequence of the greater chronicity of GERD.
Villanacci et al. (20) included patients with EE and NERD in whom biopsies were analyzed with light microscopy, and proposed DIS as a histological marker for GERD, reporting the presence of DIS at 100% for EE and at 71.4% for NERD. This study has limitations because light microscopy did not allow to evaluate DIS grade. The authors found no correlation between basal hyper- plasia plus papillary elongation with the degree of tissue lesion. At the same time, Zentilin and colleagues (7) with light microscopy reported the presence of DIS in 30% of the control group, in 94% of patients with EE, and in 83% in patients with NERD. We found DIS to a greater or lesser degree in all cases of GERD. The dilatation of intercellular spaces is associated with a greater intensity of GERD symptoms by the permeability of hydrogen ions and activate chemosensitive receptors (2, 3, 19) , it explains the symptoms in NERD, but it can not be considered applicable to patients with Barrett's esophagus, because although this entity is part of the spectrum of GERD and has been shown that patients have greater esophageal acid exposure than patients with EE and NERD (17, 21) , these have great variability in the intensity of symptoms. In our study, when comparing patients with all varieties of GERD, the DIS was geater in BE and there was no difference in the intensity of symptoms by the Carlsson-Dent questionnaire (EB 7.07 ± 3.7, EE 6.55 ± 2.77, NERD 6.8 ± 4.82, p = 0.82) (Figs. 3 and 4) .
None of the studies referred previously included patients with BE. In the literature, DIS frequency and grade was not been informed in this group of patients who form part of the GERD spectrum. Another important datum is that the site where greatest dilation is observed differs from one study to another, and according to the results published, it is important to determine the most sensitive zone for measuring DIS.
We can conclude exposing that DIS was present in all GERD subtypes (NERD, EE, and BE). We observed more DIS in patients with BE (2.72 ± 1.35 µm (5 cm) > 1.71 ± 0.48 µm (2 cm) (p = 0.001). DIS was less in the erosive and non-erosive varieties and exhibited showed no differences at biopsy sites. 
